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Nowadays the global climate change significantly affects the agricultural production due to different biotic 
and abiotic stresses. Phythopathogens, like fusarium, can cause serious injury which could be worsened by 
climatic conditions. The goal of our experiment was to examine the single and the combined effect of 
nitrogen (N) deprivation and Fusarium graminearum infection on the physiology of some maize genotypes. 
Furthermore, we would like to know the impact of the mentioned factors on the rate of nitrogen 
remobilization and relative chlorophyll content (SPAD value) of leaves with different ages. Controlled pot 
experiment was set up in a climate room, maize (Zea mays L.) genotypes were grown using hydroponic 
conditions. Inoculation of Fusarium graminearum conidia was performed as a biotic stress at 5-leaf (V5) 
stage of the seedlings and two N level were used during the experiment: optimal N and a quarter of it from 
the beginning. Our results suggest that N deprivation influenced the SPAD values regardless of the age of 
leaves and genotype. Strong interaction was found between infection and N level in case of the younger 
leaves. In these leaves the relative chlorophyll content was significantly decreased due to inoculation, but just 
at optimal N level. 
 





The condition of stalk plays a really important role in the development of maize plants. 
The damage of stalk tissues ultimately led to decay or at least yield loss. The disease called 
‘maize stalk rot’ is caused by several group of pathogens, but the most important species 
are Fusarium graminearum, Fusarium culmorum and Fusarium verticillioides in Europe 
(SCAUFLAIRE ET AL., 2011). According to SINGH ET AL. (2012) the symptoms of fusarium 
stalk rot appears after anthesis in maize, but Fusarium species are able to infect any part of 
the maize plant at any stage of development from germination to maturity (SZŐKE ET AL., 
2013). BORDERS ET AL. (2007) emphasized in their study that F. graminearum is the most 
prevalent pathogen of corn seeds and seedlings. Huge differences exist among resistance 
levels of genotypes to fusarium stalk rot (SZŐKE ET AL., 2009; SZŐKE ET AL., 2007). BATA 
ET AL. (2001) found a correlation between vegetation period of maize hybrids and the level 
of resistance. Based on his results hybrids with longer vegetation period had lower 
resistance level. The interaction between plants and pathogens is complex; moreover, it can 
be influenced by multiple environmental factors such as temperature, humidity, light and 
nutrients. Among nutrients, nitrogen assimilation is related to several crucial physiological 
processes, so it is unsurprising that N supply of plants can influence plant resistance to 
several stresses, including biotic factors as well. HOFER ET AL. (2016) highlighted that 
fusarium infection in spring barley is influenced by nitrogen fertilization. MUHAMMED ET 
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AL. (2010) found positive correlation between increasing the level of nitrogen and the 
injury level by fusarium in barley. In contrast, WHITE ET AL. (1978) claimed that the 
increased level of nitrogen resulted in a decrease in the harmful effects of fusarium stalk 
rot in maize. BAURIEGEL ET AL. (2011) claimed Fusarium infestation cannot be detected by 
spectral analysis immediately after infection in wheat plants. The goal of our experiment 
was to examine the single and combined effects of nitrogen deprivation and Fusarium 
graminearum infection in maize genotypes. Furthermore, we would like to know the 
impact of the mentioned factors on nitrogen remobilization and relative chlorophyll 
content (SPAD value). 
 
 
MATERIALS AND METHODS 
 
Our experimental plant was maize (Zea mays L.), two genotypes with different maturity 
were used (Armagnac FAO 490, P9903 FAO 390). Our experiment was controlled, plants 
were grown under hydroponic conditions, using the following nutrient solution: 2.0 mM 
Ca(NO3)2·4H2O; 0.7 mM K2SO4; 0.5 mM MgSO4·7H2O; 0.1 mM KH2PO4; 0.1 mM KCl; 
0.5 µM MnSO4·4H2O; 0.5 µM ZnSO4·7H2O; 0.2 µM CuSO4.5H2O; and 0.1 µM H3BO3. 
Iron was added in as 10−4 M Fe-EDTA. For the nitrogen (N) treatment, N content of the 
original solution was reduced to quarter (1/4N). Plants were inoculated with 30 µl 
Fusarium graminearum conidia suspension at the junction of the shoot and the root with 
injection (infected). To avoid misleading results, damage treatment was also used as a 
control as well (wounded). In these pots plants were wounded by a different needle which 
has same diameter as the needle used during infection. In addition to infected and wounded 
treatments, absolute control treatment was also used (control). Injection of conidia 
suspension was performed in the 17th day of experiment. The relative chlorophyll contents 
(SPAD values) were recorded on the older (3rd) and the younger (5th) fully developed 
leaves with SPAD-502 (Minolta, Japan). Five measurements were performed on the 
middle region of each leaf, the average of these values was considered as one repetition. 
For characterising nitrogen remobilization ability of genotypes the nitrogen remobilization 
rate (NRR) was used (Nagy, 2017). For the calculation of difference between the SPAD 
values of oldest and youngest leaf (DSI) and normalized difference SPAD index (NDSI) 
the equations of Lin et al. (2010) were used. The SPAD ratio of the oldest and the youngest 
leaf (RSI) was calculated by the equation of Shen et al. (2002), while for the calculation of 
SPAD relative positional difference index between the oldest and the youngest leaf (RDSI) 
the equation of Wang et al. (2002) was used. We made modifications on the equations of 
the mentioned authors. In the original indices, 1st leaf was considered as oldest leaf and the 







Where SPADi is the relative chlorophyll content of the 3rd leaf and SPADf is the relative 
chlorophyll content of the 5th leaf. 
For statistical analysis SigmaPlot 12 for Windows (Systat Software) was used. During the 









Based on the results of the SPAD, data obtained from the older leaves are presented in 
Figure 1. In this case we did not find significant difference between genotypes. 
Furthermore, infection had no effect on this parameter. In contrast, N supply significantly 
affected this parameter (P≤0.001). At optimal N level, remarkable higher (47.86%) SPAD 
values (41.87±1.07) were found compared to reduced level of N (21.83±0.87). We did not 


































Figure 1. Changes of relative chlorophyll content (SPAD value) in the older leaves of 
maize hybrids (Armagnac, P9903) under different N supply (Opt. N, ¼ N) and due to 
infection with Fusarium graminearum (Control, Infected, Wounded) n=3, ±s.e. Significant 
differences were signed ***(p≤0.001) 
 
In case of younger leaves significant differences were found (Figure 2) between the mean 
values of N levels regardless of other factors. In optimal level of N (39.14±1.25) 
significantly higher values were observed than in 1/4 N (27.07±0.88). Comparison of 
genotypes showed significant difference. In P9903 genotype, higher (10.23 %) SPAD 
values (34.89±1.84) were recorded than in Armagnac genotype (31.32±1.69). Significant 
interaction was found between N and fusarium treatments (P=0.023). The effect of 
fusarium infection was observed at optimal N level. Surprisingly, significantly higher 
SPAD value was recorded in the infected (33.43±2.88) treatment than in control 
(32.33±1.47). However, no differences were found between infected and wounded or 
between control and wounded treatments. On the other hand, differences between N levels 
were significantly increased in infected and injured treatments. In each case, higher values 
were observed at optimal level of N. Difference was 16.92 (40.40%) in case of infected 
plants, 11.9 (30.13%) in case of wounded plants and 7.4 (20.54%) in case of control plants.  
 












































Figure 2. Changes of relative chlorophyll content (SPAD value) in the younger leaves of 
maize hybrids (Armagnac, P9903) under different N supply (Opt. N, ¼ N) and due to 
infection with Fusarium graminearum (Control, Infected, Wounded) n=3, ±s.e. Significant 
differences were signed with letters (a, b, c) (p≤0.05) and ***(p≤0.001) 
 
Indexes calculated from SPAD values are presented in Table 1. Our treatments had no 
significant effects on these parameters. The values of Nitrogen Remobilisation Rate 
showed higher values in case of reduced N level and Armagnac hybrid. Concerning the 
difference between the SPAD values of oldest and youngest leaf, the highest difference 
was found in case of optimal N level in Armagnac genotype (8.73±5.3). In case of SPAD 
ratio between the oldest and the youngest leaf, we found similar results. We didn’t find any 
outlier value which can be highlighted in case of RDSI and NDSI. 
Table 1. Changes of the Nitrogen Remobilisation Rate (NRR), difference between the 
SPAD values of oldest and youngest leaf (DSI), SPAD ratio of the oldest and the youngest 
leaf (RSI), positional difference index between the oldest and the youngest leaf (RDSI), 
normalized difference SPAD index (NDSI) values by the effect of maize hybrids 
(Armagnac, P9903), different N supply (Opt. N, ¼ N) and  infection with Fusarium 
graminearum (Control, Infected, Wounded) n=3, ±s.e. 





c opt. N 
Control 0.8±0.1 8.73±5.3 1.26±0.16 0.26±0.16 0.11±0.06 
Infected 0.98±0.13 0.9±5.87 1.04±0.13 0.04±0.13 0.02±0.07 
Wounded 0.87±0.05 5.3±2.66 1.15±0.07 0.15±0.07 0.07±0.03 
1/4 N 
Control 1.02±0.24 -0.23±6.53 1.02±0.23 0.02±0.23 0.0004±0.12 
Infected 1.08±0.21 -1.43±5.23 0.95±0.21 -0.05±0.21 -0.03±0.11 






Control 0.93±0.03 2.97±1.33 1.08±0.03 0.08±0.03 0.04±0.01 
Infected 0.93±0.04 3.2±2.39 1.07±0.05 0.07±0.05 0.04±0.02 
Wounded 1.14±0.25 -4.73±8.25 0.90±0.18 -0.1±0.18 -0.06±0.1 
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  NRR DSI RSI RDSI NDSI 
1/4 N 
Control 1.02±0.05 -0.57±1.54 0.98±0.05 -0.02±0.05 -0.01±0.03 
Infected 0.88±0.2 3.8±5.77 1.17±0.24 0.17±0.24 0.07±0.11 








Around ten fusarium species toxic for maize, Fusarium graminearum is one of the 
dominant Fusarium species in Hungary (MESTERHÁZY ET AL. 2011; 2019). The application 
of non-destructive measurements to detect early non-visible symptoms of fusarium is 
contested, mainly during the early growth stages, but suitability of SPAD meter to 
characterization of in vivo N status was proven by a lot of studies (XIONG ET AL., 2015; 
YANG ET AL., 2014; SIMKÓ ET AL., 2018). BANDARA ET AL. (2016) found that SPAD value 
was suitable to detect symptoms of infection in sorghum (Sorghum bicolor L.). In the 
present study we found interaction between the effects of N supply and fusarium infection. 
Nitrogen deprivation significantly influenced SPAD value, but the level of impact 
depended on the infection treatments. We didn’t find any differences between genotypes 
susceptibility to fusarium infection. Although our results confirmed that the SPAD value is 
appropriate for detecting N status, yet indexes from SPAD values were not reliable in 
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